Urban ecology is threatened by habitat loss and fragmentation due to increasing urbanization. Green roofs may act as habitats to compensate for loss of green space at the ground level. Here, we assessed greening variables of 11 green roofs for butterflies in Taipei City. Butterfly number, species, and richness on green roofs were lower than parks, but some less common species were observed on green roofs. The nectar plant area, number of nectar plant species and age of green roof were the main positive effectors of butterfly number. The height above ground of green roof had not impact on butterfly survival; supposed high rise buildings are spreading out over city that would be a potential good habitat for butterflies on skyscape. However, since the scale of green roofs was small in Taipei, we adopted a habitat suitability index (HSI) method to determine optimal value of selected greening variables to attract more butterfly number on green roofs. HSI curves' findings suggested that achieving a nectar plant area of more than 25 m 2 and not less than 10 nectar plant species would greatly benefit butterfly number; meanwhile, the age of green roof was higher than 38 months, butterfly number is expected to increase rapidly. We confirmed that carefully design green roof could play a good habitat for butterflies in Taipei city.
due to the provision of appropriate food sources or pollen resources (Coffman & Waite, 2010; Everaars, Strohbach, Gruber, & Dormann, 2011; Gedge &d Kadas, 2005; Lundholm 2006 ), meanwhile nectar plants are the major plants that attract butterflies in metropolitan areas (Sharp, Parks, & Ehrlich, 1974) . Insect survival on green roof was influenced by vegetal structures (Coffman & Waite, 2010; Madre, Vergnes, Machon, & Clergeau, 2013) , which can offer suitable habitats for the foraging or nesting of a variety of insects (Colla et al., 2009; Everaars et al., 2011; Ksiazek et al., 2012) .
The number of arthropod species was positively correlated with living vegetation cover; but was not significantly correlated with the distance of green roof from the ground (Schindler, Griffith, & Jones, 2011) , that may higher sun exposure between buildings provide a good environment for insects (Everaars et al., 2011) . Thus, carefully designed green roofs have the potential to be used to support more species in urban area (Bates, Sadler, & Mackay, 2013; Molles, 2005; Smallidge & Leopold 1997) .
The presence of wild species was influenced by geographic location (Coffman & Waite, 2011) . Kadlec, Benes, Jarosik, and Konvicka (2008) asserted that fragmentary habitats could support small butterfly survival. Butterflies move from patch to patch, their dispersal range is typically no more than 2 km (Maes & Bonte, 2006) , and 1 km has been described as an appropriate "stepping stone" distance between butterfly habitats, green roofs can act as stepping stones and refuges for butterflies and insects in urban (Dramstad, Olson, & Forman, 1996; Snep et al., 2011) .
Taipei city is the capital of Taiwan, has a population over three million people within a total area of 272 km 2 , with population density nearly10, 000 people/km 2 and is the seventh most populous city in the world. The population density is even more than 27, 000 people/km 2 in city center. Parks and green space areas are less than 5% of total area (Taipei City Government, 2014) ; it would be difficult to increase green space on the ground level. In Taipei City center area, there were more than 110 types of butterflies identified in 1936 , 69 from 1960 to 1970 , and 50 in 2008 (Zhou, 2009 ; however, many butterflies have disappeared due to habitat loss from urbanization (Hiura, 1973; Jiang, 2012; Zhou, 2009) . Therefore, green roofs may mitigate habitat loss in this urban area (Colla et al, 2007) , green roofs represent bioengineering (Matteson & Langellotto, 2011) and carefully design green roof can offer suitable habitat for butterflies.
In our study, we used an interdisciplinary approach that combined several methods for answer the following questions: (1) we would compare green roofs with parks to verify that green roof is a potential habitat for butterflies in Taipei city, (2) tested for the critical greening variables of green roof affect butterfly survival, (3) determine the optimal value of selected greening variables could attracted more butterfly number on green roof, (4) made the suggestion of construct sufficient habitats on green roof and planning green roof the location for butterflies in compact city.
Materials and Methods

Study Sites and Greening Variables Survey
We selected 11 public buildings were located in Taipei city, Taiwan (Figure 1) , and carry out the greening variables survey from August 2011 to May 2012; which were set up extensive green roofs that were under maintenance, with planting mediums at depths below 20 cm.
For each green roof, we measured 7 greening variables, i.e. site area of roof, greening area, nectar plant area, number of nectar plant species, height above ground, age of green roof, and surrounding green space ratio.
Greening area was figured on total greening area of roof. Nectar plant was defined the plant attract butterflies; height above ground was estimated the height from ground level to green roof location; age of green roof was calculated the period from green roof was established to investigation timing. Finally, we calculated the surrounding green space ratio that was the proportion of all area of parks and green space to all land area within a 1000-m radius of green roof, the park and green space was according to land-use regulations of Taipei urban planning, and verified by 2011 aerial photograph.
We surveyed these greening variables on each site twice per month from August 2011 to May 2012, total 20 times. All 11 buildings were constructed more than 20 years ago; roof area was from 142 to 610 m 2 , the entire green roof area ranged from 95 to 590 m 2 . The height above ground of green roof was form 7 to 34 m. The ages of the green roofs ranged from 13 to 46 months old from green roof was established to August 2011. The surrounding green space ratio was from 3.84% to 50.68%.
The plants and nectar plants were identified by the Catalogue of Life in Taiwan (TaiBNET, 2011), the Taiwan Biodiversity Information Facility (TAIBIF, 2011), the Taiwan Flowers and Plants Illustrated Handbook (Xue, 2003) and Taiwan Butterfly Host and Nectar Plant Illustrated Handbook (Lin, 2008 (b) total greening area on roof.
(c) estimated the height from ground level to green roof location.
(d) total area of butterfly-attractive plants.
(e) total butterfly-attractive plant species.
(f) total months form green roof was establish to August, 2011.
(g) the proportion of all area of parks and green space to all land area within a 1000-m radius of green roof.
Butterfly Sampling
Due to the area of 11 green roofs were small, butterfly sampling was performed by the main method of observation, and the net-capture method was subordinate. Each site was surveyed from 9:00 to 11:00 and 14:00 to 16:00 at each survey time. Survey period was from August 2011 to May 2012, and twice per month, total 20 times.
We recorded 514 butterflies belonging to 5 families (12 species) during the investigation period on 11 green roofs. The most frequent species were Zizeeria maha okinawana (Zizeeria family; Matsumura, 1929; 69.8% at 11 sites), followed by Pieris canidia (Pieris family; Linnaeus, 1768 ; 21.8% at 10 sites). 
Data analysis methods
We used correlation analysis to test the greening variables (i.e., site area of roof, greening area, nectar plant area, number of nectar plant species, height above ground, age of green roof, and surrounding green space ratio) with the distribution of butterfly number, and the results would used to determine the significant impact of the greening variables on butterfly number.
HSI is based on hypothesized species-habitat relationships rather than statements of proven cause and effect relationships, which was employed to develop optimal habitat environment level of a certain habitat factor for that given species (Fish and wildlife Service, 1981; Schamberger & O'neil, 1986) . HSI curve was plotted by the x-axis is a habitat variable and the y-axis is a suitability score with 1 being optimum habitat and 0 being least suitable habitat. Below that hypothetical plots for given species where the curves describe suitability of habitat variables for that species existence. We utilized the normalized butterfly number as vertical axis and the individual selected greening variable as the horizontal axis, and then drew the envelope, that was the HSI for butterfly and greening variable. Then we could use the HSI curve to determine the optimal level of greening variables for butterflies on green roof.
Results
Compared of Butterflies of Green Roofs and Park
To show the green roof was a potential habitat for butterflies, we processed to compare butterflies species, number, species richness and Shannon-Wiener diversity index of 11 green roofs and Zhou (2009) Both Zizeeria maha okinawana and Pieris canidia were dominant species at green roofs and parks. We also observed these butterflies species were nectar-based on green roofs, that was similar to Zhou's findings. There were fewer butterflies visiting green roofs than park (p=0.000). Butterflies species richness was significant different between green roof and park (p=0.019); but there was not a significant different between Shannon-Wiener diversity index at green roof and park.
Dominant Influence of Greening Variables on Butterflies
We performed correlation analysis using the 7 greening variables versus butterfly number to assess the relationships between greening variables and butterfly. The butterfly number was significantly correlated with the nectar plant area (r=0.825, p=0.003), number of nectar plant species (r=0.804,p=0.002), and age of green roof (r=0.895,p=0.000); all of these were positive correlations. No significant correlation was observed between butterfly number and site area of roof, greening area, height above ground, and surrounding green space ratio. Meanwhile, due to the butterflies species was very low, which was negligible in the step of correlation analysis.
Habitat Suitability Index Curve of Greening Variables for Butterflies
Our research main objectives was to determine the optimal value of greening variables, which was estimated by HSI method, and the results could be used to created a suitable habitat attract more butterflies.
When establishing HSI curve, the properties of greening variables should be determined, first. The correlation analysis results showed that nectar plant area, number of nectar plant species, and age of green roof were significant correlation with butterfly number, which were further described using the HSI method. Based on the HSI concept, we utilized the value of normalized butterfly number on the vertical axis and the values of individual greening variable on the horizontal axis; we then established an envelope based on the scatter plots of normalized butterfly number and of a particular greening variable, i.e., HSI curve for butterfly number and nectar plant area, number of nectar plant species and age of green roof, as shown in Figures 2-4 . As shown in Figure 2 , the nectar plant area rose with increasing butterfly number. When the nectar plant area was about 25 m 2 , there were many butterflies; after the increased trend become slowly. Therefore, we determined the optimal www.ccsenet.org/ijb International Journal of Biology Vol. 7, No. 2; value of nectar plant area for butterflies on green roofs was not less than 25 m 2 . When the number of nectar plant species was about 10, there were many butterflies, the optimal value of number of nectar plant species for butterflies on green roofs was not less than 10 (Figure 3) . Butterfly number continue to show an upward tendency from the green roof was established to nearly 38 months, after the trend become stability; and at this time, there were many butterflies. We believed that attracted more butterflies on green roof, which optimal value of age of green roof was not less than 38 months (Figure 4) . Figure 2 . HSI curve for normalized butterfly number versus the nectar plant area. The curve used to determine the effect of nectar plant area on butterfly number. Nectar plant area was below 25m 2 , butterfly number has a fast growth trend; once nectar plant area was over 25m 2 , and the growth trend of butterfly number became stability Figure 3 . HSI curve for normalized butterfly number versus number of nectar plant species. Effect of the number of nectar plant species on butterfly number was determined by the curve. When the number of nectar plant species was less than 10, growth in butterfly number was increasing; after the growth trend of butterfly number was slower www.ccsenet.org/ijb International Journal of Biology Vol. 7, No. 2; Figure 4. HSI curve for normalized butterfly number versus age of green roof. That used to determine the effect of green roof age on butterfly number. If green roof was established more than 38 months, butterfly number continued to show an upward tendency, after the growth trend became stability
Discussion and Conclusions
Butterflies were present on green roofs in Taipei city but were represented by fewer species and individuals than in parks. Few less common species were observed on green roof, although which support a lower abundance of bees than nearby urban park (Brenneisen, 2006; Gedge & Kadas, 2005; Kadas, 2006; Snep et al., 2011) .
In our research findings demonstrated that butterfly number were strongly influenced by nectar plant area and number of nectar plant species, which suggested that carefully design of green roofs would attract more butterflies (Bates et al., 2013; Coffman & Waite ,2010; Collinge, Prudic, & Oliver, 2003; Everaars et al., 2011; Feltwell, 1993; Lundholm, 2006; Molles, 2005; Saarinen, Valtonen, Jantunen, &Saarnio, 2005; Vickery, 1995; Wood & Samways, 1991) . Meanwhile, butterfly number increased with the established time of green roof went on. Schrader & Böning (2006) asserted that older green roofs had more stable environments for insects.
There are no significant correlations between butterfly number and height above ground of green roof (Snep et al., 2011) . Sunlight is one of the major factors limiting butterfly diversity on the rooftops of heavily urbanized areas (Matteson & Langellotto, 2010) . That implied high-rise buildings are prevalent in large cities and can become good habitats for butterflies. Butterfly number and surrounding green space ratio of green roof was also no significant correlations. Madre et al. (2013) found the surrounding environment exhibited minor influences on arthropods survival. Moreover, the green space was very limited on ground level in Taipei city and the surrounding green space ratio of selected green roofs in our research was less than the research of Snep et al. (2011) ; that may be possible to cause no significant correlations between butterfly number and surrounding green space ratio.
In Taipei City, there are over 230,000 buildings, the average building area is less than 800 m 2 (Taipei City Government, 2013) , that could offer greening area was small. Green roofs are thought to function as novel habitat islands in urban settings, providing resources for butterflies (Fernandez-Canero & Gonzalez-Redondo, 2010; Tonietto et al., 2011) . We are sure the carefully designed green roofs had the better support potential for insect survival (Bates et al., 2013; Coffman & Waite,2010; Davies, Simcock, & Toft, 2010; Everaars et al., 2011; Gedge & Kadas, 2005; Lundholm, 2006; Tonietto et al., 2011) ; the establishment of green roofs is critical to reducing habitat loss. Due to the habitat suitability index (HSI) method was being used to determine the greening variables appropriate condition for butterfly survival; we adopted HSI method to determine the optimal value of selected greening variables and confirm that with a small scale green roof, one can create a good habitat for butterflies in urban area. Our suggestions, for attract more butterflies, we must plant nectar plant area more than www.ccsenet.org/ijb International Journal of Biology Vol. 7, No. 2; 25m 2 and at least 11 species of nectar plant species on green roof; which greening approach was suitable for the compact city of Taipei.
The dominant species appeared by an overwhelming majority on green roofs, but a few of less common butterfly species were observed. Suitable planting of green roofs may support more species (Bates et al., 2013; Everaars et al., 2011) , and the diversity of blooming plants could increase insects diversity (Tonietto et al., 2011) . Due to few butterfly species were observed, our research findings were useful to attract more butterfly number on green roofs. Clearly there is some extra restriction of our research. Such is the influence of some variables that it can promote number of butterfly species on green roof that must be explored. In the face of climate change impacts on urban areas, our research approach and methodology could easily be applied and modified to test the ecological benefit of green roof.
